Female sterilization is one of the most common contraceptive methods. A small number of women, however, opt for reversal of sterilization procedures after they experience regret. Procedures can be performed by laparotomy or laparoscopy, with or without robotic assistance. Another commonly utilized alternative is IVF. The choice between surgery and IVF is often influenced by reimbursement politics for that particular geographic location.
Female sterilization is one of the most common contraceptive methods. A small number of women, however, opt for reversal of sterilization procedures after they experience regret. Procedures can be performed by laparotomy or laparoscopy, with or without robotic assistance. Another commonly utilized alternative is IVF. The choice between surgery and IVF is often influenced by reimbursement politics for that particular geographic location.
OBJECTIVE AND RATIONALE:
We evaluated the fertility outcomes of different surgical methods available for the reversal of female sterilization, compared these to IVF and assessed the prognostic factors for success.
SEARCH METHODS: Two search strategies were employed. Firstly, we searched for randomized and non-randomized clinical studies presenting fertility outcomes of sterilization reversal up to July 2016. Data on the following outcomes were collected: pregnancy rate, ectopic pregnancy rate, cost of the procedure and operative time. Eligible study designs included prospective or retrospective studies, randomized controlled trials, cohort studies, case-control studies and case series. No age restriction was applied. Exclusion criteria were patients suffering from tubal infertility from any other reason (e.g. infection, endometriosis and adhesions from previous surgery) and
Introduction
The number of women using contraception increases every year. At present, up to 63% of all women between 15 and 49 years of age, that is, a total of 739 million women worldwide use some form of contraception (United Nations, 2011) . In addition, it is a specific goal of the United Nations to provide access to effective and affordable contraception for all fertile women. This is because increased access to contraception affords couples with the opportunity to make responsible decisions regarding reproductive issues and contributes to improvements in maternal and infant health by preventing unintentional or closely spaced pregnancies (The Millennium Development Goals Report, 2012) .
Female sterilization is one of world's most common methods of contraception. Sterilization accounts for 30% of all contraception use in women, which corresponds to 200 million women worldwide (United Nations, 2011) . It is estimated that 5-20% of sterilized women regret their decision later in life despite the permanent nature of sterilization procedures (Hillis et al., 1999) . Of these, only 1-2% request a reversal of sterilization (Van Voorhis, 2000) . The likelihood for experiencing regret is increased by the following factors: sterilization at a younger age or shortly after giving birth, a new relationship and lower socioeconomic status (Hillis et al., 1999) .
The procedures for reversal of sterilization were developed during the last few decades, with the first procedure performed in the early 1970s by laparotomy (Williams, 1973; Siegler and Perez, 1975) . With this surgical approach, a midline abdominal incision is made, through which the fallopian tubes can be accessed. Next, the occluded ends of the tubes are excised and methylene blue is instilled to test the degree of patency. An anastomosis is then made with sutures and in most cases, supplemented by the use of a splint (Siegler and Perez, 1975) .
While the technical principles have generally remained unchanged, the subsequent introduction of a microscopic camera during surgery allowed for much more precision (Diamond, 1977; Gomel, 1977; Wiegerinck et al., 2005) . This led to the possibility of increasingly finer detail in the different types of anastomoses utilized. The twolayer technique became the most frequently utilized, where the muscularis and serosal layer were sutured separately, with varying numbers of stitches. Some studies also described utilizing a splint, to bridge the lumen of the proximal and distal parts of the fallopian tube, which is then removed in the ensuing hours (Gordts et al., 2009; Berger et al., 2016) .
During the same period of time, the laparoscopic approach was implemented (Diamond, 1977; Gomel, 2007) . Similar to laparotomic microsurgical procedures, the two-layer technique was often employed. Other techniques include single-layer, 1-stitch, 2-stitch, 3-stitch, 4-quadrant sutures or sero-muscular fixation with microstaplers and biological glue (Wiegerinck et al., 2005; Tan and Loh, 2010; Schepens et al., 2011) . In most laparoscopic procedures, a supplementary splint is used as well.
These techniques have been deployed for several years. In the meantime, other surgical solutions aimed at improving the quality of the anastomosis were sought. This resulted in the first reported robotic tubal re-anastomosis using the ZEUS robotic system in 1998 using a two-layer closure procedure, where anastomotic patency was achieved (Falcone et al., 2000) .
For women who have a renewed wish to conceive, two possibilities now exist: reversal of sterilization or IVF. It is crucial to be informed about pregnancy rates after these two options in order to obtain informed consent. The purpose of this review is to assess the different surgical reversal techniques available for recovering tubal patency, specifically for their capacity to generate fertility outcomes and possible complications. In addition, we evaluated for clinical characteristics that could affect the pregnancy rate after tubal reanastomosis. Finally, we compared the effectiveness of sterilization reversal and IVF in women with a renewed desire for conception after sterilization.
Methods

Search
We searched the following databases: PubMed, Cochrane Central Register of Controlled Trials (CENTRAL) and the Cochrane Gynecology and Fertility Trials register for randomized and non-randomized studies on sterilization reversal up to July 2016. A search strategy was set up using predefined MeSH terms and terms from the title or summary, with the following keywords: 'sterilization reversal', 'tubal anastomosis', 'tubal re-anastomosis', 'pregnancy' and 'pregnancy rate' using combinations with 'AND', 'OR' and other descriptive terms as deemed necessary.
This search was limited to articles in English that dealt with human research and had an abstract. Participants were women seeking restoration of fertility following tubal sterilization. Reference lists from reviews and selected articles were also reviewed for potentially relevant citations. A variety of study designs were eligible: prospective or retrospective studies, randomized controlled trials, cohort studies, case-control studies and case series. No age restriction was applied. Exclusion criteria were studies including patients suffering from tubal infertility due to infection, endometriosis or intra-uterine or abdominal surgery.
For the comparison of sterilization reversal and IVF, a second search strategy was employed. The following predefined MeSH terms and keywords were used: 'sterilization reversal', 'tubal anastomosis', 'IVF' and 'pregnancy', which were linked by the use of 'AND' and 'OR' as required. All other inclusion and exclusion criteria were identical to the previous search strategy.
Study quality
The studies included were assessed with the 'Strengthening the Reporting of Observational Studies in Epidemiology' (STROBE) checklist. For each study, we reported methodological characteristics of the included studies including study design, number of participants, duration of follow-up and procedure specific characteristics of sterilization reversal.
Study quality was assessed with regard to inclusion criteria of participants, selection bias and the description of confounders. The final conclusion concerning the overall quality of the included studies was based on internal validity, being a summary of the above assessed factors, and clinical applicability of the study.
Outcome
The primary outcome of our review was the pregnancy rate after tubal anastomosis. Secondary outcomes included complications such as ectopic pregnancies, costs and operative time. We also evaluated clinical characteristics, such as age, BMI, duration of sterilization, type of anastomosis and postoperative tubal length, which could potentially affect the pregnancy rate after tubal re-anastomosis. Finally, we compared pregnancy rates after reversal procedures with pregnancy rates after IVF.
Statistical analysis
Once identified, studies were examined for the following continuous outcomes: pregnancy rate and ectopic pregnancy rate. We performed a random effects meta-analysis to calculate the pooled relative risks (RR) with associated 95% CI.
Results
Study selection
The first search strategy produced 804 hits, of which 37 studies were included: 1 prospective cohort study, 16 retrospective cohort studies, 10 case series and 10 case-control studies (Fig. 1) . After limiting the search to human research and adding language restrictions, we excluded 168 studies. When titles were screened for possible eligible abstracts, another 537 studies were excluded, mainly because they described pregnancy rate after male sterilization reversal and after tubal anastomosis for blockage due to infections and endometriosis. The other 99 studies were considered to be potentially eligible. After reviewing the full text, we excluded another 62 studies for the following reasons: 25 were case reports, 11 had a sample size of fewer than 10 women, 5 studies did not distinguish between intra-uterine and ectopic pregnancies, 10 were pilot studies, 4 were editorial comments, 3 had different primary outcomes and in 4 had various reasons for exclusion (Fig. 1) . Thus, 37 studies were included in the review. No randomized controlled trials were found by the search strategy. In terms of surgical techniques, seven studies were comparative, assessing different surgical techniques. Four compared laparoscopic with laparotomic microsurgical approaches and three studies compared robotic techniques with either laparoscopic or laparotomic microsurgical techniques. All studies reported pregnancy rate as the primary outcome.
The second search strategy for studies comparing surgical reanastomosis to IVF resulted in 41 hits (Fig. 2) . Adding language restrictions resulted in the exclusion of seven articles. After screening the titles, only four articles were included. Reasons for excluding articles were as follows: 21 made no comparison between IVF and sterilization reversal, 3 reported on IVF performed after failed reversal or after sterilization by intratubal micro-inserts and 6 had other reasons for exclusion. Two of the included studies were retrospective cohort studies, the remaining two were cost-effectiveness analyses.
Included studies
As no randomized controlled trials comparing laparotomic microsurgical, laparoscopic and robotic techniques were found, results will be described separately for each technique (Tables I-III) . Overall, study sizes were relatively small, with an average of 99 women per study (range 10-6692). Kim et al. published the first large retrospective study in 1997, where he followed 922 women after laparotomic microsurgical sterilization reversal. The mean age of participants was 33 years of age in most of the studies. Two studies however compared the results of sterilization reversal in women above 40 years of age (Trimbos-Kemper, 1990; Petrucco et al., 2007) . In all studies, duration of follow-up was at least 6 months.
Laparotomic macro-and microsurgical reversal
There were 25 studies that described the outcomes of reversal of tubal sterilization by laparotomy (Table I) . In four studies, the laparotomic macrosurgical procedure was performed. In individual studies, this technique resulted in pregnancy rates varying between 0% and 61%. Pooling all patients resulted in pregnancy rates of 42% (95% CI: 23-77%). Whether or not pregnancies were ongoing was reported in only a minority of studies. The laparotomic microsurgical technique was used in 21 studies (Table I ). This technique resulted in pregnancy rates varying between 40% and 83%, resulting in a higher pooled pregnancy rate of 68% (95% CI: 58-71%). Laparotomic macrosurgical sterilization reversal is associated with a risk of ectopic pregnancies of 8.4% (95% CI: 4-29%), while the corresponding risk from laparotomic microsurgical techniques was higher at 10.4% (95% CI: 4-9%).
Laparoscopic sterilization reversal
The laparoscopic technique of sterilization reversal was evaluated in 15 studies.
Pregnancy rates after laparoscopic reversal ranged from 25% to 83%, with a pooled pregnancy rate of 65% (95% CI: 61-74%). The mean pooled ectopic pregnancy rate was 5.6% (95% CI: 3-9%). Similar to the laparotomic approach, the two-layer technique was the most frequently utilized in the laparoscopic reversal.
Robotic laparoscopic surgery
In four studies, robotic technology was used for sterilization reversal (Table II) . Three studies were retrospective (Goldberg and Falcone, 2003; Rodgers et al., 2007; Caillet et al., 2010) and one was a prospective cohort study (Dharia Patel et al., 2008) . The pregnancy rates following robotic laparoscopic surgery ranged between 50% and 70%, with a pooled pregnancy rate of 65% (95% CI: 59-72%). Ectopic pregnancy rates were only mentioned in two studies (11% and 22%, respectively). Subsequent pooling, these two studies yielded an ectopic pregnancy rate of 15%. In three studies, the two-layer technique was used.
Comparisons
Figure 3 compares pregnancy rates of the three different surgical techniques: laparotomy, laparoscopy and robotic surgery. Although the 95%-CIs are relatively broad, none of the comparisons reached statistical significance. Regarding the primary outcome, achieving pregnancy, we did not find any difference between the surgical techniques.
Laparotomic versus laparoscopic procedure
Four studies compared the laparotomic microsurgical method of sterilization reversal to laparoscopic (Cha et al., 2001; Hawkins et al., 2002; Wiegerinck et al., 2005; Tan and Loh, 2010) (Fig. 3b) . The pooled pregnancy rates for all studies (whether comparative or noncomparative) were 68% and 66% for laparotomic and laparoscopic surgery, respectively (RR 1.08, 95% CI: 0.90-1.30) (Fig. 3b ). Time to pregnancy was only evaluated in a single study (Cha et al., 2001) . No difference was found between laparotomic and laparoscopic reversal (3.6 months versus 5.0 months).
The included studies also compared the percentages of ectopic pregnancies. None of them reported a statistically significant difference in the rate of ectopic pregnancies after laparoscopy compared to laparotomy (Fig. 4) .
Three studies compared the operative time for both methods, of which all described shorter operative time for laparotomic surgery as compared to laparoscopic surgery (meantime 115 versus 163 min, P < 0.001) (Cha et al., 2001; Hawkins et al., 2002; Wiegerinck et al., 2005) . As expected, laparotomic surgery involved longer hospital admissions when compared to laparoscopy, with a mean recovery time of 4.3 and 1.9 days, respectively (P < 0.001).
One study performed a cost analysis comparing microsurgical laparotomic surgery with the laparoscopic technique (Hawkins et al., 2002) . Costs for laboratory tests, the operative procedure, required surgical equipment and nursing staff were included. The overall costs for laparotomic microsurgical reversal of sterilization were significantly higher than for the laparoscopic method, $1348.98 ± 187.73 versus $861.05 ± 136.68. In terms of cost breakdown, this study reported higher costs for nurses in the operating and recovery room but lower costs for drugs and expenses in the ward for laparoscopic surgery when compared to laparotomic surgery.
Robotic surgery versus microsurgery by laparotomy
Two studies comparing robotic tubal anastomosis to laparotomic microscopic surgery did not detect any difference in pregnancy rates between these techniques (61% and 61% versus 70% and 79%, respectively, for robotic and laparotomic cohorts, P = 0.1) (Rodgers et al., 2007; Dharia Patel et al., 2008) (Fig. 3c) . Ectopic pregnancies, however, did differ in one study comparing both techniques. Patel et al. described an ectopic pregnancy rate of 22% with regard to the robotic technique compared to 10% with the laparotomic technique, while Rodgers et al. did not find a significant difference (11% versus 13%, respectively, P = 0.7).
Both studies compared operative times and described a significant difference in favor of the laparotomic method (duration of surgery 181 versus 229 minutes (P = 0.001) (Rodgers et al., 2007) and of 155 versus 201 minutes (P = 0.001) (Dharia Patel et al., 2008) ). Duration of hospitalization did not differ. In the study by Patel et al., patients were discharged within four hours postoperatively in the robotic cohort, whereas the average hospitalization for the open laparotomic procedure was 35 h (P = 0.0001). Dharia Patel et al. (2008) moreover reported higher use of pain medication in the laparotomy group.
Robotic surgery is expensive. Both studies found higher total costs for the robotic procedure compared to the laparotomic procedure on cost analysis, whereby Patel et al. described total costs of $2766 versus $2689, respectively, and Rodgers et al. described a difference of $1446 (P < 0.001). These analyses included costs for the operating room, anesthesia and physician fees, but not the cost of purchasing a robot and subsequent maintenance fees. Therefore, the difference in cost is likely to be more significant than described. 
Laparoscopy versus robotic surgery
Only one study compared robotic surgery to laparoscopic surgery (Goldberg and Falcone, 2003) and reported a non-significant difference in pregnancy rate between the robotic group (n = 10) and in the laparoscopic group (n = 15) (50% and 40%, respectively) (Fig. 3d) . Exact P-values were not reported. There were no ectopic pregnancies and no difference in hospital stay and time in the recovery room. Surgical time was significantly longer in the robotic group than in the laparoscopic group (284 versus 191 minutes; P = 0.0006).
Prognostic factors
Prognostic factors are important in the decision on whether or not to perform surgery. The most important prognostic factors are described below.
Age
All studies described age as most important factor. Age has an inverse correlation whereby pregnancy rates decrease when age increases (Kim et al., 1997; Yoon et al., 1999; Hanafi, 2003; Boeckxstaens et al., 2007; Gordts et al., 2009; Schepens et al., 2011; Sreshthaputra et al., 2013; Berger et al., 2016) . A multicenter study describing sterilization reversals in 78 women of between 40 and 45 years of age reported that 45% achieved a pregnancy (Trimbos-Kemper, 1990 ). However, 26% of these pregnancies ended in a miscarriage, which was most likely related to the age of the women in this study (Trimbos-Kemper, 1990; Nybo Andersen et al., 2000) .
Body mass index
The results were not conclusive regarding BMI. One study found an influence on pregnancy rates, with a difference in mean BMI between pregnant and non-pregnant women who had undergone reversal of sterilization (mean BMI 26.3 versus 29.2, respectively, P = 0.0001) (Hanafi, 2003) . Another study did not report a significance of the influence of BMI, describing a 58% pregnancy rate in the group with BMI 20-24 and a 33% pregnancy rate in the group with BMI ≥ 30 (Boeckxstaens et al., 2007) . No P-values were described. Similarly, a third study did not detect a difference, with a hazard ratio for pregnancy of 1.3 (95% CI: 0.72-2.3) when comparing women with BMI ≥ 30 compared to BMI ≤ 25 (Schepens et al., 2011) .
Postoperative tubal length
Five studies reported postoperative tubal length (Kim et al., 1997; Yoon et al., 1999; Gordts et al., 2009; Schepens et al., 2011; Sreshthaputra et al., 2013) . Gordts et al. published a pregnancy rate of 73% when both tubes were ≥5 cm and 69% when they were <5 cm. No P-values were published, but it was reported that the difference in pregnancy rates was not significant. Sreshtaputra et al. reported a pregnancy rate of 66% and 56%, respectively, when comparing tubal length of ≥6 and <6 cm at P = 0.4, and Yoon et al. published pregnancy results of 80% (≤4 cm) versus 92.7% (≥7 cm), P = 0.3. The last study did not publish data in percentages (Schepens et al., 2011) . These four studies did not detect any difference in prognosis when considering tubal length. However, one study discovered a higher pregnancy rate when the postoperative tubal length increased, with a tubal length of 6.7 cm in the pregnant group versus 6.5 cm in the non-pregnant group (P < 0.05) (Kim et al., 1997) . *Mean age is also represented by range or mean ± SD according to the availability of data.
Method of sterilization
Seven studies investigated pregnancy rates after different methods of sterilization reversal: Falope rings, Filshie clips, the Pomeroy method and coagulation (Kim et al., 1997; Yoon et al., 1999; Hanafi, 2003; Gordts et al., 2009; Hirth et al., 2010; Schepens et al., 2011 , Berger et al., 2016 . Five studies did not discover any statistically significant difference between methods used, but two studies did. The first study reported a higher percentage of pregnancy after reversal of Filshie clip sterilization (82%) compared to all other methods (Pomeroy 49%, Falope rings 38%, coagulation 28.5%, P = 0.02) (Hirth et al., 2010) . The second study described a 76% pregnancy rate after Filshie clips and Falope rings versus 68% and 67% after sterilization by resection or coagulation, P < 0.001, (Berger et al., 2016) .
Time from sterilization till reversal
Four studies looked at the period between sterilization and sterilization reversal. Three of them (Kim et al., 1997; Boeckxstaens et al., 2007; Schepens et al., 2011) did not find a relation between the duration of the interval between sterilization and sterilization reversal when compared to pregnancy rate. A solitary study reported a pregnancy rate of 91% 1-5 years after sterilization versus 72% at 11-15 years after sterilization (P = 0.0006) (Hanafi, 2003) . The latter difference was not controlled for an increase in female age.
Type of anastomosis
Four studies analyzed the effect of location of anastomosis on fertility outcomes (Kim et al., 1997; Yoon et al., 1999; Gordts et al., 2009; Schepens et al., 2011) . None of them detected any association with pregnancy rate.
Ectopic pregnancies
Analysis of prognostic factors for ectopic pregnancies is limited. There was no correlation between possible sites for creating an anastomosis and percentages of ectopic pregnancies (cornual-isthmic 4.0%, cornual-ampullary 4.5%, isthmic-isthmic 2.0%, isthmic-ampullary 5.0%, ampullary-ampullary 2.3%) (Kim et al., 1997) . In another study, data were not conclusive for ectopic pregnancy rates relative to the method of sterilization as low numbers of patients in the Pomeroy sterilization cohort did not allow for statistical analysis (11% Falope ring reversal, 0% clip sterilization group, 13% coagulation and 33% Pomeroy sterilization) (Gordts et al., 2009 ).
Sterilization reversal versus IVF
IVF is a possible alternative for women wishing to conceive after tubal sterilization. While tubal anastomosis restores tubal function, IVF replaces it. Two retrospective cohort studies were included in this systematic review comparing reversal of sterilization to IVF (Boeckxstaens et al., 2007; Tan and Loh, 2010) . In the first study, the choice for IVF treatment or sterilization was based on patient preference and both treatments were covered by insurance (Boeckxstaens et al., 2007) . Surgery was performed using a microsurgical approach by laparotomy. Patients were followed for a minimum of 14 months. Age appeared to play a role in the success of each procedure. In women below 37 years of age, delivery rates were higher after sterilization reversal than after IVF (72% versus 52%, respectively). The converse was true for women of at least 37 years of age (51. versus 36.6% for IVF and surgical reversal, respectively). The results did not reach statistical significance. However, exact P-values were not mentioned. A cost-effectiveness analysis indicated average costs per live birth of €11 707 for IVF, compared to €6015 for tubal anastomosis (Boeckxstaens et al., 2007) . When factoring in costs for the two age groups, differences between IVF and surgical reversal were larger in the women below the age of 37 (€12 140 versus €4953, respectively) compared to women of at least 37 years of age (€11 214 versus €9740, respectively). Based on fertility outcomes and cost effectiveness, surgical reversal was recommended over IVF in patients younger than 37 years and the converse was suggested for women over 37 years of age (Boeckxstaens et al., 2007) . The second study performed an analysis of cost effectiveness (Messinger et al., 2015) . They included standard costs of physician visits, medications, surgery and laboratory investigations. In addition, costs of frozen IVF cycles, hysterosalpingography (performed when women failed to achieve pregnancy after tubal anastomosis), management of ovarian hyperstimulation syndrome, ectopic pregnancies and miscarriages were included. The average costs per ongoing pregnancy were calculated for the following age groups: <35, 35-40 and >40 years. After tubal anastomosis, average costs were $16 315, $23 914 and $218 742 for each age group, respectively. When performing an IVF procedure, these costs were $32 814, $45 839 and $111 445, respectively. In women younger than 40 years of age, tubal anastomosis appears to be more cost effective when compared to IVF, while the opposite is true for those over 40 years.
The third study compared laparoscopic reversal with IVF (Tan and Loh, 2010) . Only women younger than 40 years of age were included. The groups were not equal in numbers, with 9 patients in the sterilization reversal group and 327 in the IVF group, resulting in poor statistical power. Reasons for this inequality were not described. Nevertheless, pregnancy rates (77.8% versus 46.8%) and live birth rates (66.7% versus 34.6%) appeared significantly higher after surgery than after IVF. One significant disadvantage of surgery was that rates of ectopic pregnancies were higher (33% versus 1.8%). Unfortunately, statistical significance was not reported. Schippert et al. (2010) compared pregnancy and live birth rates in women who had sterilization reversal by the laparotomic microsurgical method (n = 89) with those who underwent IVF. The pregnancy rate after the surgical procedure was 73% with a live birth rate of 51%. The median age of women who underwent this procedure was 35.4 years. Live birth rates per IVF cycle were 39% in women under 35 years, 31% in women aged 35-38 years and 21% in women aged 38-40 years. The number of women undergoing IVF was not reported. Considering these results, surgical sterilization reversal was recommended as the primary treatment for sterilized women who desire to conceive again. This study was potentially biased by reimbursement politics, as sterilization reversal is paid by the health insurance and IVF after previous sterilization is not.
Discussion
We analyzed 37 studies that assessed different techniques for restoring tubal patency after sterilization. Pregnancy rates were similar, regardless of the technique used. These results favored laparoscopy, mostly because of the faster recovery rate compared to the laparotomic surgery. The subsequently shorter hospital stay is therefore more cost effective. However, laparoscopy requires more extensive training.
Various prognostic factors related to reproductive success after reversal of tubal sterilization have been suggested. The factor having the strongest prognostic value was age. This is also reflective in women who have not had tubal sterilization and is mainly caused by a decrease in quantity and quality of oocytes. Moreover, women after sterilization reversal are generally previously fertile and do not have other causes of infertility (e.g. anovulation). In addition, a semen analysis is often performed before surgery is planned. The opinions about BMI are divided. It is plausible that BMI is a prognostic factor for conceiving after sterilization reversal as it is a risk factor for infertility in women without a prior history of sterilization (Bolumar et al., 2000; Wise et al., 2010) . However, the women undergoing reversal of sterilization have conceived successfully prior to the sterilization procedure, thus explaining why BMI is not a prognostic factor. The decision of choosing between IVF or sterilization reversal is mostly based on patient preference. Surgical tubal re-anastomosis offers the advantage of the sustained chance of pregnancy with every cycle once tubal function is restored. Conversely, there is a need for additional treatments per cycle when opting for IVF. Other beneficial side effects of surgery include the positive psychological influence on women who have the 'peace of mind' of restored fertility. In terms of IVF treatments, most insurance companies cover a maximum of three cycles, with a 28% chance of pregnancy per cycle of fresh embryo transfer (Mansour et al., 2014) . However, it is likely that the chance of pregnancy in this specific group of women is higher as they have previously proven to be fertile.
Furthermore, if more than one embryo is transferred during a cycle of IVF, there is a chance of multiple pregnancy, with markedly increased risks of perinatal morbidity including premature delivery, gestational diabetes and pre-eclampsia (Practice Committee of the American Society for Reproductive Medicine, 2012). After sterilization reversal, the risk of multiple-birth returns to that of spontaneous pregnancy. With IVF, there is a further risk of the ovarian hyperstimulation syndrome of~0.5-5% per cycle (Delvigne and Rozenberg, 2002) and of complications such as hemorrhage or infection during the collection of ova. Reimbursement politics, which are countryspecific, also play a large role in this decision.
Two cost-effectiveness analyses were described, of which one included adverse effects such as ectopic pregnancy and miscarriage. Both analyses seem to be of good quality, taking into account important costs such as hospital visits, laboratory costs, medication, medical and paramedical costs into account.
When comparing surgical reversal to IVF, the sterilization reversal procedures seem more favorable for younger patients, while the converse is true for older patients. However at present, data from randomized controlled trials in this area are lacking.
Limitations
The main limitation of this review was the absence of randomized controlled trials (George et al., 2013) . Many publications were retrospective cohort studies and therefore had high risks of bias and low level of evidence. It was likely that the techniques used were based on the preference of the surgeon, preventing a proper randomization. This likely went hand-in-hand with the choice of a retrospective design of their study. The risk-of-bias assessment reflects the deficiency in methological quality and reporting quality in many of the articles.
Another reason for bias is the lack of multivariate analyses when investigating possible prognostic factors. As results were not adjusted for other possible confounders, bias could have been introduced.
In all of the comparative studies included, the method of surgery was dependent on the surgeon available, the location of surgery or new techniques being developed. Therefore, the possibilities of blinding are extremely limited. However, blinding is of no importance to the time to pregnancy or pregnancy rates. Furthermore, in many studies, there was no standardized pregnancy definition (e.g. positive pregnancy test, visualization of gestational sac on sonography) and no specification as to whether pregnancies were ongoing. In studies comparing women above 40 years of age, this difference is of major importance as the risk of miscarriage increases, making pregnancy rate a poor surrogate marker of live birth.
In general, sample sizes were relatively small, causing large variations in pregnancy and ectopic pregnancy rates. For example, the pregnancy rate in one of the outlying studies was 25%, which is low compared to other included studies (Barjot et al., 1999) . The small cohort size was a likely contribution to this effect. In addition, the different techniques used, 3-stitch versus the 2-layer technique, may have played a role. Moreover, there was significant heterogeneity in ectopic pregnancy rates in studies investigating laparoscopy with small numbers of participants, varying from 0% to 33% (Ribeiro et al., 2004; Tan and Loh, 2010) .
Duration of follow-up was a potential confounder in fertility outcomes as a large variation in follow-up time (6 months to 6 years) was present. It is possible that pregnancy rates may have increased had the duration of follow-up correspondingly increased. Some studies excluded women over 40 years of age, potentially biasing results in favor of surgery (Goldberg and Falcone, 2003; Tan and Loh, 2010) . Conversely, other studies investigated surgical reversal in only women who were over 40 years of age, resulting in the lowest pregnancy rates of 40-45% (Trimbos-Kemper, 1990; Petrucco et al., 2007) . As age was the most important prognostic factor, studies which exclude women over 40 years of age, probably found higherthan-average pregnancy rates, while the converse occurred in studies including only women above the age of 40.
No randomized studies were available for comparing IVF with sterilization reversal. More importantly, data of pregnancy rates after IVF in women who had previously undergone sterilization are lacking. Therefore, it is difficult to draw conclusions for choosing the best possible treatment.
Conclusion
In this review on sterilization reversal, we found only a small number of qualitatively adequate studies. Pregnancy rates were comparable between laparotomic, laparoscopic or robotic surgery, regardless of the route of approach and used technique, where the only prognostic factor was age. Laparoscopic reversal required shorter hospitalization compared to laparotomic reversal and was less expensive compared to robotic reversal.
For older women, IVF seems a more cost-effective alternative than sterilization reversal, although direct comparative data are lacking (Fig. 5) . Moreover, it is not possible to identify a cut-off age. Currently, the likely major determinant in deciding between the two options, IVF and surgery, is reimbursement. There is a need for randomized prospective trials comparing the success rates and costs of surgical reversal with IVF.
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